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The underlying mechanism of migraine and pain has been 
unraveled recently with the advent of neurolmaging. In this .: 
article mechanism of migraine aura and the pain of migraines 
are discussed, in addition, Interlctal studies demonstratinig - 
hyperKccitat)jl|ty in migraiile ai^ reviewed, ^ 



The exact pathogenesis of niigraine remains to be deter- 
mined. The pendulum for concepts of migraine patho- 
physiology swung between primary vascular or primary 
neural mechanisms, Harold G. Wolff [1], a pioneer of the 
vascular theory of migraine, proposed that the neuro- 
logic symptoms of the migraine aura were caused by 
cerebral vasoconstriction, and the headache by vasodila- 
tation. Lashley's [2] experience of his own visual aura led 
him to the concept of the spreading cortical depression 
(SCD) of Leao being the primary cause, thus promulgat- 
ing the neural theory of migraine [3], Newer imaging 
techniques have made it possible to study the very early 
events of migraine; thus both theories have been recon- 
ciled by contemporary proponents of a neurovascular 
mechanism of the migraine attack. 

The neurovascular theory of migraine is described first 
with evidence from recent neuroimaging studies. Then we 
discuss the increasing body of evidence for the concept of 
central neuronal hyperexcitability as a pivotal physiologic 
disturbance predisposing to migraine [4]. The reasons for 
increased neuronal excitability maybe multifactorial. Most 
recently, abnormality of calcium channels has been intro- 
duced as a potential mechanism of interictal neuronal 
excitability [5]. Mutant voltage-gated P/Q-type calcium 
channel genes likely influence. presynaptic neurotransmit- 
ter release, possibly of excitatory amino acid systems or 
inhibitory. It could therefore be hypothesized that genetic 
abnormalities result in a loweried threshold of response to 
trigger factors. It has also been suggested that it is theoreti- 
cally possible for all individuals to suffer a migraine attack, 
because migraine is an episodic disorder involving head 
pain and cortical phenomena without structural abnor- 
malities. Therefore, only investigations aimed at studying 
the function of the brain provide an insight into migraine 



pathophysiology. In this article, the mechanism of aura 
and head pain are discussed first, followed by a discussion 
of interictal disturbances, which lead to a propensity to 
developing migraine. 

Mechanisms of Aura 

The unpredictable and elusive nature of migraine has pre- 
vented many investigators from systematically studying 
migraine aura. Recent studies by Cao etal. [6»«], whserein 
migraine was reliably visually triggered in 50% of subjects, 
enabled the immediate early events of the migraine attack 
to be measured for the first time, A red and green checker- 
board was used for visual stimulation because migraineurs 
are known to be sensitive to linear stimuli. Using the 
recently developed fMRI based on the blood oxygen level- 
dependent (fl^^RI-BOLD) technique, the authors were able 
to measure, with millimeter resolution, second-to-second 
activation of occipital cortex to visual stimulation in 
subjects with migraine. None of the six normal controls 
developed a headache and displayed normal patterns of 
BOLD signals on visual activation. Six patients with 
migraine with aura (MwA) and two patients with migraine 
without aura (MwoA) had experienced visually triggered 
headache; two also had accompanying visual change. Head- 
ache was preceded by suppression of initial activation that 
slowly propagated into contiguous occipital cortex at a rate 
ranging from 3 to 6 mm per minute. This neuronal suppres- 
sion was accompanied by an increase in baseline contrast 
intensity, indicative of vasodilatation and tissue hyperoxy- 
genation. The baseline contrast increases that indicated tis- 
sue hyperoxygenation were similar to tliose witnessed in 
experimental SCD [7] . These spreading events accompanied 
visually triggered headache whether or not it was associated 
with visual change. In this study patients were selected 
based on a history of visually triggered headache, so that 
generalizing these findings to all migraine patients must be 
done with caution- Nevertheless, previously hypothesized 
mechanisms of SCD in migraine were clarified by this 
study, and the previously controversial findings of ischemia 
accompanying migraine aura were not supported. 

In a different study using perfusion-weighted imaging 
(PWI) , another novel functional neuroimaging technique 
particularly suited to study short-lived events such as 
migraine aura, 19 patients were studied during spontaneous 
migraine [8*-]. Twenty-eight attacks were studied because 
some patients v^re imaged more than once; There was rela- 
tive reduction of cerebral blood flow in the occipital cortex 
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contralateral to the visual defect during MwA, but observed 
only in the occipital cortex and not other brain regions. One 
subject with attacks of both MwA and MwoA demonstrated 
these phenomena only during MwA, No significant changes 
In blood flow were observed in MwoA. The hemodynamic 
changes ware demonstrated only on PWI and not on diffu- 
sion-weighted imaging (DWI) ; D WI is sensitive to ischemia 
and thus further supports MwA not being an ischemic event. 

Although these imaging studies favor the neural basis 
of migraine, they are not able to demonstrate SCD as the 
putative mechanism of migraine aura. To date, SCD has 
been recorded successfully in animal models only [9], In 
animals^ the SCD's band of hyperexcited neurons travels 
into the sulci or fissures eliciting a magnetoencephalo- 
graphic (MEG) signal. Using the seven channels of MEG, 
Barkley ef al. [10] reported DC shifts in spontaneous 
migraine. A further study of a larger number of patients has 
not been possible because of the unpredictable nature of 
migraine and time of capture of these spontaneous events. 
Using the visual trigger modeled by Cao et al. [6*»], Bow- 
yer et al. (Paper presented at the Congress of the Interna- 
tional Headache Society, Barcelona, Spain, 1999) have 
now been able to detect DC shifts when headache or aura 
was precipitated. These studies were performed using the 
whole head MEG, which permits precise localization of 
signals. In this study headache was triggered in five of eight 
migraine patients and none of the six controls. DC-MEG 
shifts were observed in migraine subjects during visually 
triggered aura and in a patient studied during the first few 
minutes of spontaneous aura. No DC-MEG shifts were 
seen in control subjects. This is additional evidence sup- 
porting the primary neural basis migraine and confirms 
MEG-recorded DC shifts typical of those found dyring 
SCD. reported previously in migraine attacks. 

Mechanism of Pain 

The brain stem and specifically the trigeminovascular system 
have been implicated to play a large role during a migraine 
attack from recent experimental and clinical data [II], It is 
hypothesized that a sterile inflammatory response occurs due 
to the release of neuropeptides, ie, calcitonin gene-related 
peptide, neurokinin A, and substance P [12]. The develop- 
ment of novel antimigraine drugs for the treatment of 
migraine has been based predominantly on these animal 
models. This mechanism is further strengthened by the dis- 
covery of binding sites for the 5 HTib/^d agonists on brain 
stem structures [13,1 4]. The first human study to show acti- 
vation in the brain stem used positron emission tomogr^hy 
(PET) performed in subjects during spontaneous migraine. 
Because PET lacks sufficient resolution for exact anatomic 
localization, the activation was hypothesized to be in the 
regions of the dorsal raphe nuclei, periaqueductal gray, and 
locus caeruleus [15]. Recently, an isolated case report found 
red nucleus (RN) and substantia nigra (SN) to be activated in 
a spontaneous migraine attack [16]. The same authors also 



now report the RN and SN to be activated in the subjects 
with visually triggered migraine [17]. 

The RN and SN are best known for their functional 
roles in motor control The RN, however, has also been 
associated with pain and/or nociception. Numerous ani- 
mal studies have documented a response of RN neurons to 
a variety of sensory and noxious stimuli. In a PET study 
performed on normal volunteers during capsaicin-induced 
pain, ipsilateral activation of RN was documented [18], It 
remains to be clarified whether or not the RN is involved 
in the pain pathways or in the motor response to pain. 

Evidence of Interictal Disturbances 

Electroencephalography (EEC) was one of the first tech- 
niques that was undertaken to discern physiologic differ- 
ences between migraine and controls. A recent review 
suggests that EEG is not valuable as a diagnostic tool for pri- 
mary headache disorders [19], The enhanced photic drive 
response on the EEG H-response, which was thought to be 
characteristic of migraine [20] , has recently been confirmed 
by spectral analysis [21,22]. The specificity of the H-response, 
however^ has been questioned because it may occur with 
other primary headache disorders [19], Abnormal steady 
state response evoked by a sine-wave visual stimulus was 
seen in migraineurs, and improved after administration of 
propranolol [23,24]. Finally, following a repetitive pattern- 
reversal stimulation, migraineurs, but not controls, displayed 
potentiation of visual-evoked potential (VEF) amplitude, 
which reached its maximum in the second to fourth blocks 
[25]. Similar results were seen using prolonged stimulation 
[26] . More recently, however, and in agreement with VEP 
studies, strong interictal dependence of the auditory-evoked 
potentials on stimulus intensity was demonstrated in 
migraine [27]. Furthermore, the response was modulated by 
zolmltriptan [28] . Transcranial magnetic stimulation (TMS) 
has been developed to noninvasively study cortical physiol- 
ogy [29,30], and this technique is now increasingly being 
used to study migraine. 

IMS of Motor Cortex in IVIigraine 

Several studies have investigated the motor cortex of 
migraineurs using TMS. Three studies have been performed 
on the motor cortex, two of which reported increased excit- 
abili^ in migraineurs and suggested that this neurophysio- 
logic correlate may have a role in migraine mechanisms 
[31 . 32] . The first study compared subjects with migraine with 
and without aura to controls^ who demonstrated an 
increased motor threshold in classic migraine [31], The 
motor threshold was increased on the side corresponding to 
the aura. The threshold difference could not be attributed to 
attack frequency. The second study was performed on men- 
strual migraineurs during the cycle compared with controls 
[32]. An increased threshold was demonstrated^ similar to 
the first study, but in this study the patients had MwoA, 
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Following these studies two other studies were per- 
formed. In the jfirst study there was a difference in amplitude 
of motor-evoked potentials in MwA compared to controls, 
but found no differences in the motor threshold [33] . The 
differences in this study compared to previous reports of 
increased threshold were explained on the basis of attack 
frequency which was higher in their group of patients. 

In a second study performed on familial hemiplegia 
migraine, the threshold of motor cortex was higher on the 
side corresponding to the aura [34] . Using paired pulses a 
recent study demonstrated reduced motor cortical excit- 
ability after administration of zolmitriptan, a centrally act- 
ing 5 HTiB/io used in the treatment of migraine [35]. This 
technique thus provides a new opportunity to study corti- 
cal physiology and the effects of drugs in migraine. 

Cortical Silent Period in Migraine 
Two studies have examined the cortical silent period 
(CSP) . Although the results were judged to be preliminary, 
both reported no differences in CSP at high levels of stimu- 
lus intensity [36,37] , but at low stimulus intensity a shorter 
CSP was documented in MwA compared to controls [37] . 
Because the CSP, in part, is a measure of central inhibition 
of motor pathways, this shortening of the CSP suggests 
reduced central inhibition, inferrir^ increased excitability. 

TMS of Occipital Cortex in Migraine 
Using TMS to study the occipital cortex is perhaps more 
relevant to migraine because enhanced excitability of the 
occipital cortex may underlie either spontaneous or visu- 
ally triggered migraine aura [4]. Occipital cortex excit- 
ability in migraine has been evaluated by the generation 
of phosphenes by the TMS of occipital cortex. The first 
study reported a low threshold for a generation of phos- 
phenes in subjects with MwA, inferring hyperexcitability 
of the occipital cortex [38], In contrast, occipital cortex 
hypoexcitability was reported in MwA based on a lower 
prevalence of phosphenes stimulated by TMS [36]. 
Important technical differences, such as the type of stim- 
ulator or coil size, might explain these conflicting find- 
ings [39] . Since these early reports there have been two 
more studies performed on the occipital cortex using 
TMS, both confirming the initial reports of hyperexcit- 
ability [40,41 • In one of these, hyperexcitability of the 
occipital cortex was associated with a propensity to visu- 
ally triggered headache in the same patients [41 • •] 

Conclusions 

We currently conceive of a migraine attack as originating 
in the brain. Triggers of an attack initiate a depolarizing 
neuroelectric and metabolic event likened to the SCD of 
Leao. This event activates the headache and associated 
features of the attack by mechanisms that remain to be 



determined, but appear to involve either peripheral 
trigeminovascuiar or brain stem pathways, or both. Excit- 
ability of cell membranes, perhaps in part genetically 
determined, is the brain's susceptibility to attacks. Factors 
that increase or decrease neuronal excitability constitute 
the threshold for triggering attacks. 

Using a model of visual stress-induced migraine or by 
studying spontaneous attacks, and applying advanced imag- 
ing and neurophysiologic methods, results have been 
obtained that support spreading neuronal inhibition as the 
basis of aura. This neuroelectric event is accompanied by 
hyperoxia of the brain, possibly associated with vasodilata- 
tion. Evidence has been obtained also that the spreading cor- 
tical event can activate subcortical centers possibly involved 
in nociception and associated sy^mptoms of the migraine 
attack. Susceptibility to migraine attacks appears related to 
brain hyperexcitability. These newer techniques of functional 
neuroimaglng have confirmed the primary neural basis of 
the migraine attack with secondaiy vascular changes, recon- 
ciling previous theories into a neurovascular mechanism. 
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Indomethadn-responsive headache syndromes represent a 
unique group of primary headache disorders characterized by 
a prompt and often complete response to indomethacin to 
the exclusion of other nonsteroidal anti-inflammatory drugs 
iand medications usually effective hi treatkig other primary 
headache dsorders. Because these headarfie disorders can 
easily be overlooked in clinical practice, they likely are more 
common than previously recognized. Indomethacln-responsive 
headache syndromes can be divfcjed IntQ several distinct 
categories: a select group of trigeminal-autonomic cephalgias, 
valsalva-induced headaches, and primary stabbing headache 
(ice-pick headache or jabs and Jolts syndrcmie). Each category 
can be difTerentiated clinically and by the extent to which the 
individual headache disorders respond to indomethacin. The 
paroxysmal and continuous hemicranlas invariably respond in 
an absolute manner to Indomethacin, whereas valsalva- 
Tnduced and ice-pick headaches may respond in an equally 
dramatic, but somewhat less consistent feshion. Hypnic 
headache recently has been described as another primary 
headache dfeorder that may respond to indomethacin. 



Introduction 

The trigemtnal-atitommic-ceph^g^ a term coined 
by Goadsby and Lipton represent a gtoup^plprimary 
heada€lie.^yiidrQmes manifested by pairrm'the^somatic 
distribution of the trigeminal nerve and autonomic signs 
that reflect activation of the cranial parasympathetic path- 
ways. Despite these shared features, the paroxysmal hemi- 
cranlas and hemicrania continua (HC) differ from other 
TACs such as cluster headache and short-lasting unilateral 
neuralgiform headache with conjunctival injection and 
tearing (SUNCT) syndrome, primarily with r^ard to the 
duration and frequency of attacks and, more germane to 
this discussion, the response to indomethacin. Valsalva- 
induced headache disorders also respond to Indomethacin, 
but the response is less consistent. The syndrome of pri- 
mary stabbing headache is common and usually requires 



no treatment because the paroxysms of pain last seconds 
and occur infrequently. However, in rare Instances, the pain 
may occur repetitively over days to weeks and require treat- 
ment. In this setting, indomethacin also is effective. The 
response to indomethacin is not a dis^nostic criterion for 
the diagnosis of valsalva-induced headaches or primary 
stabbing headache. In contrast, a response to Indomethacin j 
is considered by the International Headache Society fJHSy 
to be an obligatoEy.ciifceidoa:fot.theNdiagn0sis of pafb^s- 
maLhepiia:aniaoc HC. 

Etiology and Pathophysiology 
The syndromes responsive to indomethacin are primary 
headache disorders whose etiology remains unknown. As 
with any headache disorder, when the clinical features are 
atypical or when abnormal neurologic signs are present, a 
careful medical and neurologic evaluation is necessary to 
exclude an orgariic etiology. Various organic causes, which 
may mimic the TACs and valsaiva-induced headaches, have 
been described. Therefore, magnetic resonance imaging 
(MRI) is appropriate in every patient with atypical clinical fea- 
tures and in every patient with cough or valsalva-maneuver 
headaches to evaluate for cervical-meduliary junction abnor- 
malities such as a type-1 chiari malformation. 

Trigeminal-autonomic cephalgias 
Although the pathophysiology has not been clearly eluci- 
dated, the clinical manifestations are thougbt^'to' reflect 
activation of the trigeminal and cranial autonomic (para- 
sympathetic) pathways. The central origin of the trigeminal 
and cranial parasympathetic pathways reside respectively in 
the caudal trigeminal nucleus and superior salivatory 
nucleus. The cell bodies in the latter give rise to parasympa- 
thetic preganglionic efferents. which travel witii the facial 
(VII) nerve. These fibers pass by way of the geniculate 
ganglion and ultimately synapse in the sphenopalatine and 
otic ganglia. Postganglionic fibers travel with the greater 
superficial petrosal nerve to provide vasomotor innervation 
to the cerebral blood vessels and secretomotor innervation 
to the lacrimal glands and nasal mucosa. Activation of the 
tiigemmovascular or parasympathetic pathway can lead to 
a reflex activation of the other through a functional brain 
stem connection. 

The clirucal relevance of this anatomic relationship in 
human headache conditions is supported by a series of ani- 
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Trigeminal-autonomic cephalgias 

Paroxysmal hemicranias 

Clironic paroxysmal hemicranra 

Episodic paroxysmal hemicrania 

Hemicrania continua 

Vafsalva-lnduced headaches 

Primary cough headache 

Primary exertional headache 

Primary headache associated with sexual activity 

(preorgasmic and orgasmic) 
Primary stabbing headache Qabs and Jolts syndrome) 
Hypnic headache 



mal and human experiments demonstrating local release of 
trigeminal (calcitonin gene-related peptide) and parasympa- 
thetic (vasoactive intestinal polypeptide [VIP]) marker pep- 
tides from their respective perivascular nerve fibers after 
ganglionic stimulation [2]. Both of these peptides are known 
to be potent vasodilators that may e^^latn the painful vasodi- 
lation, which is thought to be responsible, in part, for the 
head pain. These marker peptides also have been found to be 
markedly elevated in patients with cluster headache and 
chronic paroxysmal hemicrania (CPH) during attacks when 
measured in the ipsilateral external jugular vein [3,4] . Furthei> 
more, after successful treatment with indomethacin, these 
peptide levels return to baseline values [4], Although the 
mechanism by which these pathways are activated is uncles; 
recent evidence from functional neuroimaging studies in 
patients with cluster headache and SUNCT syndrome impli- 
cates the posterior hypothalamic grey matter [5,6]. This 
region contains the suprachiasmatic nucleus, the human^bio- 
logic pacemaker, and may explain the Orcadian and circan- 
nual rhythmic periodicity of these disorders. 

Valsalva-maneuver headaches 

The pathogenesis of these headaches is unknown. Intuitively, 
the clinical features of these headaches would seem to imply 
that a significant but transient increase in intracranial pres- 
sure (ICP) may underlie the headache in these patients. 
Arnold-chiari malformations, subarachnoid hemorrhage, 
and intracerebral metastases, all of which may raise ICP, have 
been shown to mimic these headache syndromes [7]. In 
addition, lumbar puncture has been shown to promptly 
relieve cough headache for a variable period of time in a 
small series of patients [8] . 

Clinical Features 
Paroxysmal hemicranlas 

The paroxysmal hemicranias are characterized by frequent 
short-lasting unilateral headaches, the femaleimale ratio is 
approximately 2:1 and the disorder usually begins in 
adulthood, with a mean age of 34 years [9]. However, the 
age of onset is quite variable, ranging from 6 to 81 years. 



The clinical profile of CPH and episodic paroxysmal hemi- 
crania (EPH) are quite similar, the only difference being 
the presence of pain-free remissions with the latter. The 
pain is predominantly in the anterior head region (orbital 
or temporal) and usually lasts between 2 and 45 minutes. 
In a recent study, the headaches lasted less than 30 minutes 
in more than 50% of 78 patients [10]. In a retrospective 
study of 84 patients, the mean attack duration was 21 min- 
utes and the mean attack frequency was 11 daily (range, 6 
to 40) [9]. In a prospective study of 105 attacks, the mean 
attack duration was 13 minutes (3-46 minutes) and the 
mean attack frequency was 14 daily (range, 4 to 38) [U], 
This is in contrast with cluster headache where less than 
6% of headaches last less than 30 minutes and more than 
90% of patients have fewer than three attacks daily [12], 

The pain is stricdy unilateral in most patients, although, 
in some cases, the pain may alternate sides or, more rarely, 
occur bilaterally. The pain is described as thtrobbing, boring, 
pulsatile, or stabbing that ranges from moderate to excru- 
ciatingly severe in intensity. During attacks, one or more 
ipsilateral autonomic symptom or sign wiU be present. Lac- 
rlmatlon and nasal congestion are the most common 
accompanying features and often are quite robust. Con- 
junctival injection and rhinorrhea also occur in up to one 
third of patients. Similar to episodic cluster headache, EPH 
differs from CPH by having attack phases that are inter- 
rupted by longer lasting remission phases. The headache 
phase can last from 2 weeks to 4.5 months; remissions 
range from 1 to 36 months. Approximately one third of . 
attacks occur during nocturnal sleep In both disorders and 
attacks have been reported to occur in association with 
•rapid eye movement sleep. 

Hemicrania continua 

As the name implies, HC is characterized by a headache that 
Is unilateral aiKl continuous. In a review of 34 patients [13], . 
the age of onset ranged from 11 to 58 years (mean, 34 years) 
and the female: male ratio was 1.8:1. The headaches are 
strictly unilateral, described as aching or throbbing, and, 
although moderate in intensity, the continuous background 
pain is punctuated by severe exacerbations that can last from 
hours to days. Autonomic features often accompany the head- 
ache, especially during exacerbations, but are less prominent 
than seen with the paroxysmal hemicranias. In addition to . 
cranial autonomic symptoms, migraine-related symptoms 
occur commonly in this disorder, especially during painful 
exacerbations. In a recent series of 26 patients, nausea (46%) , 
vomiting (15%), phonophobia (46%), photophobia (54%), 
and osmophobia (27%) occurred during moderate to severe 
pain episodes I14»»]. Visual aura also has been described in 
patients with indomethacin-responsive HC [15], In 75% of 
patients, ice^pick headache (jabs and jolts) occur during some 
exacerbations. Despite the term "continua," approximately 
one third of patients describe an intermittent pattern of head- 
ache with bouts of pain lasting weeks to months separated by 
pain-firee remissions [16]. 
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Table 2, Precipitating factors, dur aticinr and location and onset* 

Primary cough Primary exertionai Primary tieadache associated witli 

lieadache headaciie sexuai activity 

Precipitating factors Coughr sneeze Physical exercise Sexual excitem^ 

Duration Less than 1 minute 5 minutes to 24 hours 1 minute to 3 hours 

Location and onset BUaterai and sudden Bilateral and sudden BHateral and sudden 



*Each headache type can be prevented by avoiding the activity responsible for precipitating the headache. Primary cough headache may be diagnosed 
after Emagbig has excluded a posterior fossa abnoninaii^. Primary exerdon^ headache can be diagnosed after systemic and intracranial causes 
(subarachnoid hemorrhagei intracranial tumor, sinusitis) have been exduded. Primary headache associated with sexual activity may be diagnosed only 
after subarachnoid hemcM-rhage has been excluded. 



Valsalva maneuver headaches 

Cough headache is defined as transient severe head pain that 
occurs when coughing, sneezing, weight-lifting, bending, 
straining at stool, or stooping. Rooke [17] proposed the 
broader term benign exertional headache for any headache 
that is precipitated by exertion, has an acute onset and is not 
associated with structural central nervous system disease, 
thus combining cough and exertional headache. The disor- 
der is uncommon. Rooke [17] descnbed 93 cases diagnosed 
at the Mayo Clinic during a 14-year period, while a recent 
population-based study revealed a 1% prevalence of benign 
cough and exertional headache [18] . It is clinically useful to 
consider these disorders as valsalva-induced headaches 
because they share a common response to indomethacin. 
However, the IHS separates benign cough, exertional, and 
sexual headaches because they have different dinical features 
and differential diagnoses [19] . The clinical features of these 
disorders are outiined in Table 2, 

For each of these typically benign primaiy headache dis- 
orders, a variety of underlying organic causes can present 
with an otherwise similar clinical picture. However, there 
are a number of important features that can help distin- 
guish benign from symptomatic cases and help guide the 
diagnostic evaluation. A review of 72 benign and symptom- 
atic cases of cough, exertional, and sexual headache demon- 
strated that symptomatic cough headache began earlier in 
life (< 50 years), tended to last longer (up to several days vs 
< 30 minutes), was more frequent than benign cough head- 
ache, and did not respond to indometihiacln [7], In a sub- 
stantial proportion of symptomatic patients, headache may 
be the only symptom and, despite the posterior fossa loca- 
tion of most of the underlying lesions, the neurologic 
examination may be normal, A variety of posterior fossa 
abnormalities have been described in patients with cough 
headache, but Arnold-chiari type-1 malformations are the 
most common. Therefore, MRI, which is superior to com- 
puted tomography (CT) for the evaluation of posterior 
fossa and craniocervical junction abnormalities, is recom- 
mended in the evaluation of every patient with a new pre- 
sentation of cough headache. 

Symptomatic exertional and sexual headaches begin later 
in life and last longer than benign exertional and sexual head- 
aches. Symptomatic headaches often are acute in onset, bilat- 



eral, very severe, last longer than 24 hours, and may persist for 
weelss [7]- Because many patients with symptomatic exer- 
tional or sexual headaches have subarachnoid hemorrhage as 
the underlying cause, symptoms or signs of meningeal irrita- 
tion are invariably present. In addition, patients with sub- 
arachnoid hemon-hage had one headache episode only [7]. 
Therefore, for all new presentations of exertional or sexual 
headache, appropriate imaging in search of a subarachnoid 
hemorrhage or intracranial lesion should be obtained If the 
CT scan or MRI are normal, a cerebrospinal fluid (CSF) exam- 
ination should be performed. 

Primaiy stabbing headache 

Idiopathic stabbing headache (ISH), commonly known as 
ice-pick headache, is a common but untjsual disorder charac- 
terized by ultrashort (1-2 seconds) stabbing pain attacks with 
a unilateral or bilatra-al localization varying from one area of 
the head to another. ISH is a benign primaiy headache dis- 
order, usually with onset in the middle or late stages of life, 
with an average age of onset of 47 years. Its main clinical 
features are brief paroxysms with a unifocal or multifocal 
location in the head (the pain changing location frequentiy) , 
marked variability in the frequency of attacks, an irregular or 
sporadic temporal pattern in most cases, paucity of associated 
symptoms or signs, coexistence with other headaches 
(mlg^-alne, cluster headache, CPH, and HC) in more than 
50% of cases with or without a temporal occurrence of both 
types of pain, female preponderance, and a partial or com- 
plete response to indomethacin [20] . In rare instances, 
patients may develop repetitive and persistent volleys of 
attacks, which has been referred to as ice-pick status. 

Hypiuc headache 

Hypnic headache syndrome is a benign, recurrent short-last- 
ing headache disorder that occurs exclusively during sleep 
and usually after the age of 50 years [21] . The headaches occur 
at least four nights each week and usualfy at a consistent time 
each night [22]. The headaches are moderate in intensity may 
be bilateral or unilateral, and are more conmion in women 
(3:1). Unlike cluster headache, which also occurs frequentiy 
during nocturnal sleep, hypnic headache is not associated 
with autonomic symptoms such as tearing or rhinorrhea. 
Uncommonly, nausea, photophobia, and phonop^obia may 
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Table 3. Primary short-lasting headaches 

Autonomic features 

Cluster headadie 

Paroxysmal hemlcrania 

SUNCT syndrome 

Cluster-ic headache 

Chronic paroxysmaltic syndrome 

Hemtcrania continua 



No autonomic features 

Trigeminal neuratgla 

Primary stabbing headache 

Valsalva- induced headache 

Cough headache 

Benign exertional headache 

Headache associated with sexual activity 

H^nic headache 



Table 4, Paroxysmal hemlcrania: differential diagnosis 



Chronic 
paroxysmal 

Feature Cluster hemlcrania 



Episodic 

paroxysmal Primary stabbing Trigeminal 

hemlcrania SUNCT headache neuralgia 



Gender 

(male to female) 
Attack duraUon 
Attack frequency 

Autonomic features 
Indomethacin effect 



4to1 

1 hour 
One to three 

Yes 
Yss 



1 to3 

20 minutes 
Five to 15 

Yes 
Yes 



1 tol 

20 minutes 
Five to 15 

Yes 
Yes 



3 tol 

60 seconds 
Up to 100 
daily 

Yes 

No 



More women 
than men 
I second 

Few to many 

Yes 
No 



More women 
than men 
I second 

Few to many 

No 
No 



be present. The headaches generally last for less than 60 min- 
utes, although some patients describe some headaches that 
last up to 6 hours. Patients often find that rising from bed 
alleviates the pain, whereas lying supine intensifies and may 
prolong the pain. Lithium is invariably effective [21], but not 
all patients, especially the elderly, can tolerate the side effects 
of this medication. Caffeine, flunarizine, atenolol, and 
indomethacin also have been found to be effective in a rium- 
ber of patients with hypnic headache [22,23] . 

Diagnosis 

Indomethacin-responsive headache disorders are clinically 
heterogeneous. However, they belong to a group of primary 
headache disorders in which individual headache episodes 
are characteristically short-lived. In contrast with migraine 
and tension-lype headache, which usually last several hours 
{> 4 hours) to several days, this group of headache disorders 
last between seconds to 1 hour. Primary short-lasting head- 
ache disorders may be divided into those with and without 
cranial autonomic symptoms (Table 3), Because not every 
headache within this group is responsive to indomethacin, it 
is important to recognize the features that distinguish those 
that are responsive to indometiiacin (Table 4) . SUNCT syn- 
drome is a relatively uncommon syndrome characterized by 
very brief (20-90 seconds), but frequent (average is 16, but 
up to 100 attacks daily) paroxysms of intense unilateral 
orbital/periorbital pain that usually is associated with robust 
lacrimation and conjunctival injection [24]. It is more com- 
mon in men (2.3; 1) , with an average age of onset of 50 years. 
This syndrome, although very similar in its distribution and 
temporal profile to trigeminal neuralgia, can be distinguished 



by longer-lasting painful paroxysms, which are associated 
with robust ipsilateral autonomic symptoms. Indomethacin 
and medications characteristically effective for trigeminal 
neuralgia, migraine, and duster headache generalfy are Inef- 
fective for SUNCT. However, carbamazepine may be effective 
in some patients [24]. Case reports of patients responding to 
lamotrigine iand gabapentin also have been reported [25,26]. 

Practically, a lilai of indomethacin should be considered 
for a patient with recurrent headaches of brief duration (< 1 
hour), which are strictly unilateral, may occur several times 
dally, and may be a^odated with autonomic symptoms, pre- 
dpitated by valsalva, exerdse* or sexual activity, or awaken 
patients from sleep. The one exception, HC, although a per- 
sistent headache of long duration, can be recognized by its 
strict urulaterality, associated autonomic sjoxiptoins, and ice- 
pick pain. Even when these features appear to be absent, a 
patient with a long-standing continuous unilateral headache 
should receive a brief trial of indomethacin at a reasonable 
dosage (150 mg). 

Treatment with Indomethacin 
Indomethacin, the pharmacology of which is discussed in 
the next section, is the treatment of choice for the paroxys- 
mal hemicranias and HC and has been considered the sine 
qua non for establishing the diagnosis. Treatment usually is 
initiated at a dose of 25 mg three times daily vrith meals. 
Treatment respoiKe is invariably swaft^joncean appropriate 
dosage is attained. The average interval between drug inges- 
tion and relief of pain in patients with HC and CPH is 
approximately 30 minutes and 48 hours, respectively [27]. 
Most patients report complete relief of headache within 24 



IndomelJiacin-responsrve Headache Syndromes • Dodick 23 



hours and frequently within 8 hours, interindivldual differ- 
ences in the dosage and timing needed to abolish the head- 
aches exist and likely are secondary to differences in 
bioavailability and individual sensitivity. In patients who 
do not obtain relief within 48 hours of initiation, the dos- 
age should be increased to 50 mg three times daily. Patients 
may obtain a partial response, but not complete relief from 
a suboptimal dosage. Treatment failure should be consid- 
ered only if a patient has not responded to a dosage of 300 
mg daily. Maintenance dosages between 25 and 100 mg 
usually are adequate in maintaining suppression of the 
headache. It is recommended that once an effective dosage 
is established for several weeks, the dosage should be 
reduced gradually in an effort to ascertain the lowest effec- 
tive dosage. In a study involving 26 patients with HC or 
CPH who were followed for an average of 3,8 years, 42% 
experienced a mean decrease of 56% in the dose of indo- 
methacin (41 mg ± 19 mg daily) required to maintain a 
pain-free state [28»]. 

Dosage adjustments sometimes are necessary to treat the 
clinical fluctuations that can be seen in these disorders. 
Because nocturnal attacks or exacerbations are seen fre- 
quently» a bedtime dosage of sustained-release indomethacin 
may be useM to prevent these attacks. Some patients are so 
exquisitely sensitive to indomethacin, even skipping one 
dose will allow the headache to recur. In patients with EPH, 
indomethacin usually is continued for approximately 2 
weeks beyond the expected duration of the headache period. 
In patients with CPH and HC, although long-term indefinite 
treatment often is required, a periodic attempt to withdraw 
the medication is useful because long*term remissions have 
been described [10,27]. 

When pati^ts are refractoiy to.indomethacln therapy, the 
diagnosis should be reconsidered. However, typical cases of 
CPH and HC have been described as unresponsive to indo- 
methacin [10,29], Patients requiring a continuous high 
dosage of indomethacin and those patients who require 
increasing dosages after an initial response to a lower dosage 
may have underlying pathology and need carefiil evaluation 
[30] . Some patients widi symptomatic CPH or HC as a result 
of intracranial or pulmonary lesions have been reported to 
respond to modest dosages of indomethacin [31-33], high- 
lighting the need for a careful clinical assessment in patients 
who otherwise appear to have a typical clinical picture and 
response to medication. 

Because the response of these headache disorders is 
swift, permanent, and often exclusive to indomethacin after 
many other medications have failed previously, some 
authorities argue that an absolute response to indomethacin 
should be considered a diagnostic requirement. To maintain 
the homogeneity of patient populations for research, the 
IHS has included a response to indomethacin as an obliga- 
tory criterion for the diagnosis of paroxysmal hemicrania 
and HC. However, from a clinical standpoint, although HC 
and CPH often respond in a dramatic manner to indo- 
methacin, an obligatory response to indomethacin for diag- 



nosis is problematic for a number of reasons. First, a 
therapeutic response in patients with HC is not exclusive to 
indomethacin or to nonsteroidal anti-inflammatory drugs 
(NSAIDs) in general. A variety of medications have been 
reported to be effective in patients with HC, including dihy- 
droergotamine [34], methysergide [34], corticosteroids 
[35,36], acetaminophen with caffeine [37], lamotrigine 
[38], gabapentin [39], and lithium carbonate [40]. In addi- 
tion, other NSAIDs including aspirin, naproxen, ibuprofen, 
diclofenac, rofecoxib, and piroxicam have been shown to 
have an absolute effect on some patients with HC, which 
met the diagnostic criteria proposed by Goadsby and Lipton 
[1] in 1997 [41.421. Similarly, other medications have been 
found to be effective in patients with CPH, including acetyl- 
salicylic acid [44], verapamil [44,45], corticosteroids [46], 
naproxen [43], a piroxicam derivative [47], and acetazola- 
mide [48]. In light of this, patients with CPH and HC would 
not be diagnosed correcdy in the event that a response to 
another medication occurred before a trial of indomethacin. 
Second, symptomatic HC and CPH have been described in 
patients who had an absolute response to indomethacin to 
the exclusion of numerous medications including opioids 
[10,31 ,32] . This nonspecific response underscores the poten- 
tial peril in rendering a diagnosis based on the response to a 
medication. Although the response to a particular medica- 
tion is used as a supportive (giant cell arteritis) or diagnostic 
(Tolosa-hunt syndrome) criterion for other headache types, 
these are secondary headache disorders that respond exclu- 
sively to corticosteroids. Third, other primaiy headache dis- 
orders, such as cough headache and idiopathic stabbing 
headache, also respond in a highly consistent manner to 
indomethacin. Therefore, a response to indomethacin is not 
specific to one particular headache disorder, nor is it specific 
to the TACs. Finally, patients presenting with a classical 
clinical phenotype of CPH and HC have been reported to be 
unresponsive to Indomethacin [10,29]. In light of these 
issues, from the clinician's perspective, a response to 
indomethacin should not be considered necessary or suffi- 
cient to make a diagnosis of CPH, HC, or any primaiy head- 
ache disorder, 

IndometiiaciTi Ptiarmacology 
Indomethacin is an indoleacetic acid derivative [l-(4-chloro- 
benzoyl)-5-methoxy-2-methyHH-indole-3-acetic acid] that 
is related structurally and pharmacologically to sulindac. Sim- 
ilar to other NSAIDs, indomethacin is a potent reversible 
inhibitor of prostaglandin-forming cycloojiygenase (COX), It 
also inhibits phosphodiesterase, thus enhancirvg intracellular 
cyclic adenosine monophosphate [49]. It was introduced in 
1963 for the treatment of rheumatoid arthritis and related 
disorders because of its antl-inflammatofy properties, 
Indomethacin is available in oral, rectal, and intravenous for- 
mulations, although the latter is approved for the treatment 
of patent ductus arteriosus in premature infants only. 
Although limited data exist regarding intravenous dosing in 
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adults, peak plasma concentrations usually are attained 
within 5 minutes [9]. Indomethacin is rapidly and almost 
completely absorbed from the gastrointestraal tract after oral 
ingestion, with peak plasma concentrations occurring within 
30 to 1 20 minutes after Ingestion. Oral bioavailability is 
nearly 100%. Absorption Is more rapid with rectal than with 
oral administration, but peak plasma concentrations are 
lower and the bioavailability is approximately 80% compared 
with that of the intravenous dose. 

Indomethadn is bound extensively (90%) to plasma pro- 
teins and tissues. It is converted primarily to inactive metabo- 
lites by O-demethylation (50%) , glucuronidation (10%) , and 
N-deacylation. Approximately 10% to 20% of the drug is 
excreted unchanged in the urine, in part by tubular secretion. 
The plasma half-life averages approximately 3 hours, but can 
be quite variable parUy because of extensive enterohepadc 
cycling. Data on the penetration of indomethacin into the 
central nervous system are conflicting. An early study of three 
healthy volunteers indicated limited distribution in the CSF 
after 2 hours [50]; however, in a more recent study, the dmg 
rapidly entered the CSF. with levels ranging from less than 1 
ng/mLto 11.9ng/mL [51]. 

More tharr35%'of patierits receiving therapeutic dosages 
of iadomethatirrexjp 

mately^%^must^discoHttnue-takin^the.dr^ Most adverse 
effects are dose-related, emphasizing the importance of 
achieving the lowest effective dose possibla The most fire- 
quent gastrointestinal complications include anorexia, nau- 
sea, vomiting, dyspepsia (3% to 9% of patients), abdominal 
pain, mucosal ulceration, and diarrhea (< 1% of patients). 
Although gastrointestinal side effects may occur in up to one 
third of patients with long-term treatment, they seldom 
appear to be a reason for discontinuation [10,28»|. Gastro- 
intestinal side effects often can be managed with antacids, 
misoprostol, or histamine H2 antagonists. Acute pancreatitis 
and fatal liver Involvement are rare, but have been reported. 
Indomethacin also can impair renal function by decreasing 
urine output, the glomerular filtration rate, and creatinine 
clearance. The mechanism appears to be inhibition of renal 
prostaglandins, which are important for maintaining renal 
vascular tone. The renal elfects usually are transient and are 
more likely to occur in patients with pre-existing renai 
impairment. Central nervous system side effects include 
headache, dizziness and mental conftislon. somnolence, and 
fatigue. Severe depression, psychosis, hallucinations, and sui- 
cide have been reported. Hematopoietic reactions, including 
neutropenia, thromfaoqrtopenia, and, rarely, aplastic anemia 
can occur. 

Indomethacin should not be used in conjunction with 
oral anticoagulants because of the increased risk of gas- 
trointestinal tract and systemic bleeding. Indomethacin 
also antagonizes the natriuretic effects of furosemide and 
the antihypertensive effects of thiazide diuretics, p-block- 
ers, and angiotensin-converting en2yme inhibitors. 

The mechanism by which indomethacin exerts its effect 
on certain TACs is unclear. Because these disorders do not 



respond to other NSAIDs often, a mechanism of COX inhibi- 
tion seems likely. Mthou^ indomethacin shows some prefer- 
ence for COX-1 over COX-2 inhibition, piroxicam and aspirin 
are equally potent COX-1 inhibitors and do not appear to 
have as robust a treatment effect on these headache disorders 
[52] . Indomethacin and aspirin are effective inhibitors of neu- 
rogenic inflammation, which is thought to be partly responsi- 
ble for the maintenance of head pain during migraine and 
other primary neurovascular headache disorders [53]. 
Although an obvious site of action of NSAIDs is in the periph- 
ery (at sites of inflammation) , recent work has confirmed that 
a site of the analgesic action of indomethacin and other COX 
Inhibitors also is central, specifically at the level of the spinal r 
dorsal horn [54,55]. Indomethacin also. has been shown to 
inhibit the production of nitric oxide [56] . This latter mecha- 
nism also may be important in understanding its therapeutic 
effect in headache because there is a large body of evidence 
implicating nitric oxide in the pathogenesis of migraine and 
cluster headache [57,58], With particular reference to the 
TACs, nitric oxide has been found to be co-localized with VIP 
within the neurons and nerve fibers of the cranial parasympa- 
thetic system [59,60], Therefore, indomethacin may antago- 
nize one or more steps in the nitric oxide pathway and, in this 
way, exert its effect on disorders that are characterized by acti- 
vation of the cranial parasympathetic system. 

The therapeutic effect of indomethacin on valsalva- 
induced headaches may result from a sustained decrease in 
ICR Considerable evidence from basic and clinical studies 
indicates that indomethacin decreases ICP for patients in 
whom it Is increased, particularly after head injury or in cases 
of acute liver failure [49,61,62]. The proposed mechanisms 
for this decrease in ICP include decreased cerebral blood flow, 
inhibition of cerebral edema, decreased cerebral temperature, 
and decreased CSF production. Preliminaiy clinical studies 
indicate that the decrease in ICP associated with indometha- 
cin is more robust and sustained than that occurring with 
hyperventilation or after administration of mannitol or barbi- 
turates [63]. The decrease in ICP may be the basis for the 
effectiveness of indomethacin in the valsalva-induced head- 
ache syndromes. The effect of a valsalva maneuver is an 
increase of approximately 40 mmHg in intrathoracic and 
intra-abdominal pressure, which impedes venous return to 
the right atrium and, thus, increases central venous pressure. 
Because the epidural venous plexus and jugular venous sys- 
tem do not have valves, intracranial venous pressure is 
increased, with an immediate rise in dependent ICP. These 
sudden short-lasting headaches may be provoked by a sudden 
increase in ICP, which remits gradually over a short period of 
time. The report of con^lete resolution of cough headache in 
six patients after lumbar puncture wds presumably mediated 
by a decrement in ICP [8] . 

Conclusions 

An understanding of the mechanism by which indomethacin 
exerts its effect on this heterogenous group of primary head- 
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ache disorders will uridoubtedly enhance our understanding 
of the underlying pathogenesis of these disorders. Ultimateiy. 
an improved understanding of the mechanism of these head- 
aches will enable the development of safer and better toler- 
ated therapies. 
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